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,QWHJUDWLQJ$OORZDEOH'HVLJQ6WUDLQVLQ&RPSRVLWHVZLWK:KROH/LIH9DOXH
 0DUN3ULFHD$GULDQ0XUSK\D-RH%XWWHUILHOGD%ULDQ)DO]RQD'DPLDQ4XLQQD 
D0HFKDQLFDODQG$HURVSDFH(QJLQHHULQJ4XHHQV8QLYHUVLW\%HOIDVW%HOIDVW1,UHODQG

&RUUHVSRQGLQJDXWKRU7HO(PDLODGGUHVVPSULFH#TXEDFXN
$EVWUDFW
)LEUH5HLQIRUFHG3ODVWLFV )53VKDYHEHHQXVHG LQFLYLO DHURVSDFHYHKLFOHV IRUGHFDGHV7KHFXUUHQW VWDWHRIWKHDUW LQDLUIUDPHGHVLJQDQG
PDQXIDFWXUHUHVXOWVLQDSSUR[LPDWHO\KDOIWKHDLUIUDPHPDVVDWWULEXWDEOHWR)53PDWHULDOV7KHFRQWLQXDOLQFUHDVHLQWKHXVHRI)53PDWHULDOV
RYHU PHWDOOLF DOOR\V LV DWWULEXWDEOH WR WKH PDWHULDO¶V VXSHULRU VSHFLILF VWUHQJWK DQG VWLIIQHVV IDWLJXH SHUIRUPDQFH DQG FRUURVLRQ UHVLVWDQFH
+RZHYHUWKHIXOOSRWHQWLDORIWKHVHPDWHULDOVKDV\HWWREHH[SORLWHGDVDQDO\VLVPHWKRGVWRSUHGLFWSK\VLFDOIDLOXUHZLWKHTXDODFFXUDF\DQG
UREXVWQHVV DUH QRW \HW DYDLODEOH  7KH UHVXOW LV D FRQVHUYDWLYH DSSURDFK WR GHVLJQ EXW RQH WKDW FDQ EULQJ EHQHILW YLD LQFUHDVHG LQVSHFWLRQ
LQWHUYDOV DQG UHGXFHG FRVW RYHU WKH YHKLFOH OLIH  7KH FKDOOHQJH LV WKDW WKHPHWKRGV XVHG LQ SUDFWLFH DUH EDVHG RQ HPSLULFDO WHVWV DQG UHDO
UHODWLRQVKLSVDQGGULYHUVDUHGLIILFXOWWRVHHLQWKLVFRPSOH[SURFHVVDQGVRWKHWUDGHRIIGHFLVLRQLVFKDOOHQJLQJDQGXQFHUWDLQ7KHDLPRIWKLV
IHDVLELOLW\VWXG\ZDVWRVFRSHDYLDEOHSURFHVVZKLFKFRXOGKHOSGHYHORSVRPHUXOHVDQGUHODWLRQVKLSVEDVHGRQWKHIXQGDPHQWDOPHFKDQLFVRI
FRPSRVLWHPDWHULDO DQG WKH HFRQRPLFV RI SURGXFWLRQ DQG RSHUDWLRQZKLFKZRXOG HQKDQFH XQGHUVWDQGLQJ RI WKH UROH DQG LPSDFW RI GHVLJQ
DOORZDEOHVDFURVVWKHOLIHRIDFRPSRVLWHVWUXFWXUH

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKHQG,QWHUQDWLRQDO7KURXJKOLIH(QJLQHHULQJ
6HUYLFHV&RQIHUHQFHDQGWKH3URJUDPPH&KDLU±$VKXWRVK7LZDUL
.H\ZRUGV&RPSRVLWHV,PSDFW'DPDJH:KROH/LIH6XUSOXV9DOXH9DOXH'ULYHQ'HVLJQ
,QWURGXFWLRQ
7KH IXOO H[SORLWDWLRQ RI )53 PDWHULDOV IRU VWUXFWXUDO
DSSOLFDWLRQVUHPDLQVDFKDOOHQJHEHFDXVHWKHDQDO\VLVPHWKRGV
ZKLFKDUHUHTXLUHGWRSUHGLFWNH\SK\VLFDOIDLOXUHPRGHVZLWK
HTXDO DFFXUDF\ DQG UREXVWQHVV DUH QRW \HW DYDLODEOH  )RU
H[DPSOH D NH\ OLPLWLQJ IDFWRU RQ KLJKVWUDLQ DQG
EXFNOLQJSRVWEXFNOLQJ FRPSRVLWH GHVLJQV LV WKDW WRGD\¶V
VWDQGDUG DQDO\VLV WRROV DUH QRW FDSDEOH RI DFFXUDWHO\ DQG
UREXVWO\ UHSUHVHQWLQJ WKH GDPDJH PHFKDQLVPV ZKLFK
XOWLPDWHO\ OHDG WR VWUXFWXUDO FROODSVH   0RUHRYHU WKH
PDQXIDFWXULQJ SURFHVV OLQNHG ZLWK FRQILJXUDWLRQ GHVLJQ DOVR
LQIOXHQFHVERWKWKHDOORZDEOHVWUHVVHVDQGWKHPRGHRIIDLOXUH
7KXVFXUUHQWGHVLJQVDUHFRQVWUDLQHG IURPH[SORLWLQJ WKH IXOO
SRWHQWLDO RI DYDLODEOH PDWHULDOV GXH WR WKH OLPLWV RI FXUUHQW
DQDO\VLV PHWKRGV DQG IXQGDPHQWDO NQRZOHGJH RQ WKH
VHQVLWLYLWLHVDQGERXQGDULHVRIEHKDYLRUVH[SHFWHGWKURXJKDQ
DLUIUDPHVZKROHOLIH
7RGD\¶V DLUFUDIW SULPDU\ VWUXFWXUH LV GHVLJQHG WR IXQFWLRQ
DW UHODWLYHO\ ORZ VWUDLQ OHYHOV DV SDUW RI D µQRJURZWK¶ RI
GDPDJHSKLORVRSK\ LQGHVLJQGXH WR WHFKQRORJ\ OLPLWV LQ WKH
ILHOGV RI GDPDJH PHFKDQLFV PRGHOOLQJ LQVHUYLFH GDPDJH
GHWHFWLRQ DQG UHSDLU >@  7KH UHVXOWLQJ GHVLJQV GR QRW
SURGXFH WKH IXOO ZHLJKW VDYLQJ SRWHQWLDO RI WKH FRPSRVLWH
PDWHULDOV EXW GR RIIHU VLJQLILFDQW DGYDQFHV LQ WHUPV RI
WKURXJKOLIHLQVSHFWLRQDQGPDLQWHQDQFHLQWHUYDOV([DPLQLQJ
WKH WKURXJKOLIH YDOXH RI VXFK VWUXFWXUHV GHPRQVWUDWHV WKH
VLJQLILFDQW YDOXH RI WKH UHVXOWDQW LQVHUYLFH FKDUDFWHULVWLFV WR
WKHDLUFUDIWRSHUDWRUV>@$VPRGHOOLQJGHWHFWLRQDQGUHSDLU
WHFKQRORJ\ GHYHORSV WKH SRWHQWLDO WR LQWURGXFH DLUFUDIW
FRPSRVLWHVWUXFWXUHVZKLFKZRUNDWKLJKVWUDLQOHYHOVDQGWKDW
DOORZDQGPDQDJHWKHJURZWKRIGDPDJHZLOOXOWLPDWHO\DULVH
+RZHYHUIXQGDPHQWDONQRZOHGJHRQWKHLQWHUDFWLRQEHWZHHQ
GHVLJQ SKLORVRSK\ VXFK DV PD[LPXP ZRUNLQJ VWUDLQ DQG
UHVXOWLQJ VWUXFWXUDO ZHLJKW DQG WKH LPSDFW RQ LQVHUYLFH
LQVSHFWLRQ DQG PDLQWHQDQFH UHTXLUHPHQWV DUH FXUUHQWO\ QRW
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DYDLODEOH  :LWKRXW VXFK NQRZOHGJH QR PRGHOV RU SK\VLFV
EDVHGPDWKHPDWLFDO IXQFWLRQ FDQEHGHULYHG WRDOORZDLUFUDIW
GHVLJQHUVWRWUDGHRIIWKHVHGHVLJQFKDUDFWHULVWLFV7KHLVVXHLV
FRPSRXQGHG IXUWKHU E\ WKH YDULDWLRQV DQG IODZV WKDW DUH
LQWURGXFHG E\ WKH PDQXIDFWXULQJ SURFHVV  7KH DGGLWLRQDO
XQFHUWDLQW\FDQUHVXOW LQ IXUWKHUFRQVHUYDWLVP  ,WPD\EH WKH
FDVH WKDWDPRUH ULJRURXVPDQXIDFWXULQJSURFHVVFRQWURODQG
VWULFWHU TXDOLW\ V\VWHP PD\ LPSURYH WKURXJKOLIH FRVWV
SHUKDSVDWWKHFRVWRIDKLJKHUVFUDSUDWHDWPDQXIDFWXUH7KLV
FRPSOH[ GDQFH EHWZHHQ HPEHGGHGPDQXIDFWXULQJ IODZV LQ
VHUYLFHGDPDJHPDLQWHQDQFHDQGUHSDLUXOWLPDWHO\UHTXLUHVD
GHWDLOHGOHYHORIXQGHUVWDQGLQJRIWKHPDWHULDOVSURFHVVHVDQG
SHUIRUPDQFH LQFOXGLQJ FRVWV  7KXV ZKHQ GHVLJQLQJ D
VWUXFWXUH WKH GHVLJQ SKLORVRSK\ PXVW EH VHW EHIRUH LW LV
SRVVLEOH WRRSWLPLVH WKHVWUXFWXUDOFRQILJXUDWLRQDQGPDWHULDO
FRPELQDWLRQV DQGVXFKDQDSSURDFKZLOO QRWHQVXUH WKHEHVW
GHVLJQ SKLORVRSK\ LV VHOHFWHG IRU DQ RSWLPXP ZKROHOLIH
VROXWLRQ

$LPV	2EMHFWLYHV
7KHDLPRIWKLVZRUNLVWRXQGHUVWDQGDQGFKDUDFWHULVHWKH
LQIOXHQFH RI GDPDJH GHVLJQ SKLORVRSK\ RQ WKH WKURXJKOLIH
YDOXH RI FRPSRVLWH DLUFUDIW VWUXFWXUHV 0RUH SDUWLFXODUO\ WR
FUHDWHDQGKDUQHVVQHZVFLHQFHDQGHQJLQHHULQJNQRZOHGJHRQ
WKHLPSDFWRIPD[LPXPZRUNLQJVWUDLQRQERWKWKHVWUXFWXUDO
ZHLJKWDQG WKURXJKOLIH LQVSHFWLRQDQGPDLQWHQDQFH LQWHUYDOV
RI ODUJH XQLWLVHG DHURVSDFH VWUXFWXUDO FRPSRQHQWV  ,Q RUGHU
WKDW D FOHDU URXWH IRU LPPHGLDWH DQG VLJQLILFDQW LPSDFW IURP
WKLV UHVHDUFK LVDYDLODEOH WKHGLVFLSOLQH VSHFLILF IXQGDPHQWDO
NQRZOHGJH FUHDWHG ZLOO EH LQWHJUDWHG WRJHWKHU WKURXJK D
ZKROHOLIHYDOXHPRGHOOLQJDSSURDFK 7KLVZLOO WKXVKDUQHVV
WKHQHZNQRZOHGJHWRFUHDWHQHZ2(0DQGRSHUDWRUILQDQFLDO
XQGHUVWDQGLQJ RI WKH YDOXH EDODQFH EHWZHHQ OLJKWHU DLUFUDIW
VWUXFWXUHVDQGJUHDWHUWKURXJKOLIHLQVSHFWLRQDQGPDLQWHQDQFH
EXUGHQV  6XFK NQRZOHGJH ZLOO KHOS GLUHFW PDWHULDO GHVLJQ
DQG LQVSHFWLRQ WHFKQRORJ\ UHVHDUFK ZLWK WKH FRPELQHG
REMHFWLYH WKDW WKH QH[W JHQHUDWLRQ RI DLUFUDIW FRPSRVLWH
VWUXFWXUHV ZLOO PD[LPLVH WKH YDOXH IRU DOO ZKROHOLIH
VWDNHKROGHUV

2EWDLQLQJ'HVLJQ$OORZDEOHV
7KH UHODWLRQVKLSV EHWZHHQ WKH PDQ\ JHRPHWULF DQG
PDWHULDOYDULDEOHVLQFRPSRVLWHPDWHULDOVDUHFRPSOH[DQGWKH
SURFHVVRILGHQWLI\LQJDVLPSOHUHODWLRQVKLSWRPDUNIDLOXUHLV
QRW VWUDLJKWIRUZDUG  7R WKDW HQG SURFHGXUHV KDYH EHHQ
HVWDEOLVKHGWRDOORZDFRQVHUYDWLYHHVWLPDWHRIWKHDFFHSWDEOH
GHVLJQVWUHVVDQGVWUDLQ 7KLV LVGULYHQE\ WKHXQFHUWDLQW\ LQ
EHKDYLRUZKHQ XQVHHQ IODZV DUHSUHVHQW LQ WKH VWUXFWXUH  ,Q
WKHFDVHRIFRPSRVLWHVWKHSUREDELOLW\RIDQLPSDFWLQVHUYLFH
FDXVLQJ XQVHHQ GDPDJH LV DOPRVW FHUWDLQ VR WKH DFFHSWDEOH
GHVLJQ VWUHVV PXVW EH EDVHG RQ WKH VWUHQJWK RI WKH PDWHULDO
ZLWK VXFK GDPDJH  +HQFH WKH GRPLQDQW WHVWV DUH EDVHG RQ
VSHFLPHQV WHVWHG LQ WHQVLRQ DQG FRPSUHVVLRQ DIWHU LPSDFW
7$, &$, RU RSHQ KROH FRPSUHVVLRQ ZKLFK WHQG WR VKRZ
WKHPRVWFRQVHUYDWLYHSRVLWLRQ>@
7KHUH DUH D QXPEHU RI ZD\V RI DSSURDFKLQJ WKLV EXW
SHUKDSVWKHPRVWFRPPRQLVWRSORWWKHDOORZDEOHVWUDLQIRUD
JLYHQ$0/$0/LVWKH³$QJOH0LQXV/RQJLWXGLQDO´$0/
LV VLPSO\ WKH GLIIHUHQFH LQ SHUFHQWDJH RI WKH DQJOHG SOLHV WR
WKH  SOLHV  )RU H[DPSOH D OD\XSZLWK RI WKH VWDFN DW
DQGDWKDVDQ$0/RI7KH$0/LVDVLPSOH
UHIHUHQFH WR LQGLFDWH ZKHWKHU D OD\XS LV GRPLQDWHG E\ RII
DQJOHSOLHVRUQRW
)LJ  EHORZ LOOXVWUDWHV D YHU\ VLPSOLILHG YHUVLRQ RI WKH
SURFHVVLQWKHFDVHRI7$,DQG&$,VSHFLPHQV7KHILUVWVWHS
LV WR LPSDFWDFRXSRQVSHFLPHQ 7KH LPSDFW LVHIIHFWHGDWD
VHW HQHUJ\ ZKLFK DV HVWLPDWHG IURP SRWHQWLDO LQVHUYLFH
LPSDFWVIRUH[DPSOHDGURSSHGWRRORUVHYHUHKDLO7KHUHDUH
VHYHUDOYDULDWLRQVKHUHEXWDOOIRFXVRQWKHHQHUJ\QHHGHGWR
SURGXFHLQVSHFWDEOHGDPDJH7KHGDPDJHGHWHFWDEOHLVFDOOHG
%9,'%DUHO\9LVLEOH,PSDFW'DPDJH7KHGHSWKDQGH[WHQW
RIWKLVLVVHOHFWHGEDVHGRQWKDWZKLFKJLYHVDSUREDELOLW\
RI GHWHFWLRQ XVLQJ QRUPDO YLVXDO LQVSHFWLRQ  $Q LQWHUHVWLQJ
DVSHFW RI WKLV LV WKH UHOD[DWLRQ SKHQRPHQRQ ZKHUHE\
HQYLURQPHQWDOFRQGLWLRQVVXFKDVPRLVWXUHDEVRUSWLRQFDXVHD
UHGXFWLRQ LQ WKH LQGHQWDWLRQ  7KXV LQVHUYLFH FRQGLWLRQV DUH
GLUHFWO\OLQNHGWRWKHGHILQLWLRQRILPSDFWIODZVL]HVDQGKHQFH
ILQDO GDPDJH DOORZDEOHV 7KH GDPDJHG VSHFLPHQ LV WKHQ
WHVWHGWRIDLOXUHLQFRPSUHVVLRQWHQVLRQRUVKHDU7KHIDLOXUH
VWUDLQLVQRWHGIRUWKLV$0/
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
)LJ2XWOLQHSURFHVVIRUIDLOXUHVWUDLQYHUVXV$0/

7KHUHDOLQGXVWULDOSURFHVVLVRIFRXUVHPRUHFRPSOH[ZLWK
D WHVWS\UDPLG IURPFRXSRQV DQGVWUXFWXUDOGHWDLOVXS WR IXOO
VFDOHGHPRQVWUDWRUV
2I FRXUVH LQ SUDFWLFH VLQFH PDQ\ OD\XSV FDQ EH
UHSUHVHQWHGE\DVLQJOH$0/WHVWVPXVWEHFDUULHGRXWRQDOO
DVWKHVWDFNLQJVHTXHQFHZLOOLQIOXHQFHWKHUHVXOWV$QGVLQFH
HGJHHIIHFWVDQGRWKHUFRPSOH[LWLHVZLWKWKHHQYLURQPHQWDOVR
FRPHLQWRSOD\WKHWHVWVPXVWLQFOXGHRSHQKROHWHQVLRQRSHQ
KROHFRPSUHVVLRQDQGKRWZHWFRQGLWLRQV1DWXUDOO\WKLVLVD
ORWRIWHVWLQJW\SLFDOO\VSHFLPHQVIRUDVLQJOHPDWHULDO
V\VWHPDQGSURFHVVLQJURXWH DQG WKHUHVXOWLQJFXUYHVKDYHD
VLJQLILFDQW GHJUHH RI VFDWWHU  ,W LV FOHDU WKDW ZLWK D
/ŵƉĂĐƚdĞƐƚ
ͻĂƐĞĚŽŶs/ƌĞƋƵŝƌĞŵĞŶƚƐ
ͻ/ŵƉĂĐƚĂƚƐĞƚĞŶĞƌŐǇůĞǀĞů
^ƚĂŶĚĂƌĚ
ĞƐƚƌƵĐƚŝǀĞdĞƐƚ
ͻdĂŬĞĚĂŵĂŐĞĚƐƉĞĐŝŵĞŶĨƌŽŵƐƚĞƉϭ
ͻdĞƐƚĂƐƉĞƌŶŽƌŵĂůʹ ƚĞŶƐŝŽŶ͕
ĐŽŵƉƌĞƐƐŝŽŶ͕ƐŚĞĂƌ
ZĞŐƌĞƐƐŝŽŶ
ͻŽǀĞƌƌĂŶŐĞŽĨƚŚŝĐŬŶĞƐƐĞƐ͕ůĂǇͲƵƉƐ
ͻ'ĞŶĞƌĂƚĞƐƚƌĂŝŶǀƐ D>ŐƌĂƉŚƐƚŽŐƵŝĚĞ
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
FRQVHUYDWLYH DSSURDFK WKH ZRUVW FDVH ZLOO GULYH WKH
DFFHSWDEOHGHVLJQVWUDLQVGRZQ
7KH UHVXOW RI WKLV HIIRUW LV D VHULHV RI FXUYHV WKDW FDQ EH
XVHG E\ GHVLJQHUV WR FRPSDUH ZRUNLQJ VWUHVV OHYHOV WR WKH
DOORZDEOHVWUDLQVREWDLQHG,WLVDSUDJPDWLFVROXWLRQWRDYHU\
FRPSOH[SUREOHP
+RZHYHUDQXPEHURILPPHGLDWHTXHVWLRQVDULVHIURPWKLV
7KH LPSDFW GDPDJH IURP WKH WHVW LV GHSHQGHQW RQ WKH
ERXQGDU\ FRQGLWLRQV DQG WKH OD\XS DQG WKH FXUYHV REWDLQHG
DUH VWULFWO\ OLPLWHG WR WKH UDQJH RI WKLFNQHVVHV OD\XSV DQG
ERXQGDU\ FRQGLWLRQVXVHG 7KHUHIRUHGHVLJQHUV DUH UHOXFWDQW
WRULVNFKRRVLQJPDWHULDOFRQILJXUDWLRQVRXWVLGHWKHVHUDQJHV
RUWKH\PD\QHHGWRFRPPLWVLJQLILFDQWUHVRXUFHVWRUHGXFLQJ
WKHVH ULVNV YLD H[WHQVLYH WHVW SURJUDPPHV  6LQFH WKH
UHODWLRQVKLSV DUH FRPSOHWHO\ HPSLULFDO LW LV GLIILFXOW IRU D
GHVLJQHU WRPDNHFKRLFHVHYHQZLWKLQ WKLV UDQJH 'HVLJQLQJ
WKLVZD\LVFXPEHUVRPH $OWKRXJKWKHSURFHVVIRUREWDLQLQJ
WKH DOORZDEOH VWUDLQV LV FHQWHUHG DURXQG GDPDJH LW LV QRW
OLQNHGWRW\SLFDOLQVSHFWLRQLQWHUYDOVDQGSURFHVVHVKHQFHWKH
WKURXJK OLIH YDOXH RI D PDWHULDO FKDQJH GHFLVLRQ LV DOVR
XQNQRZQ7KHLVVXHLVIXUWKHUFORXGHGZKHQWU\LQJWRDFFRXQW
IRUPDQXIDFWXULQJSURFHVVHVDQGFRVWLQJLQFRPSRVLWHVZKLFK
LV GLIILFXOW >@  +RZHYHU WKLV LV WUXH IRU WKH GHVLJQ RI
PHWDO VWUXFWXUHV DOVR IRU H[DPSOH ZLWK UHVSHFW WR WKH
LQWURGXFWLRQRIDGYDQFHGMRLQLQJWHFKQRORJLHVVXFKDVIULFWLRQ
VWLUZHOGLQJ >@ 7R FRQVLGHU KRZ VXFK FKDQJHV FDQ EH
DFFRXQWHGIRUUHTXLUHVDGLIIHUHQWDSSURDFK

9DOXH'ULYHQ'HVLJQ
9DOXH 'ULYHQ 'HVLJQ >@ LV DQ DSSURDFK ZKLFK WDNHV D
ZLGHU YLHZ RI WKH GHVLJQ SURFHVV DWWHPSWLQJ WRPRYH DZD\
IURP D VWULFW UHTXLUHPHQW EDVHG DSSURDFK DQG WR DSSO\
XQFRQVWUDLQHGRSWLPL]DWLRQ WR WKHZKROH V\VWHP FRQVLGHULQJ
LWVYDOXHRYHUWKHZKROHOLIH,WWKHUHIRUHHVFKHZVWKHW\SLFDO
JRDORIPDQ\GHVLJQRSWLPL]DWLRQVWXGLHVWRPLQLPL]HZHLJKW
RUFRVWSUHIHUULQJWRWU\WRRSWLPL]HIRUV\VWHPYDOXHZKLFK
LQFOXGHV UHYHQXHV WD[HV DQG DQ\ RWKHU VWDNHKROGHU HOHPHQW
>@
6XUSOXV9DOXH KDV HPHUJHG IURP VRPH VWXGLHV DV D JRRG
REMHFWLYH IXQFWLRQ ZKLFK HQFRPSDVVHV WKH QHHGV RI WKH
UHOHYDQW VWDNHKROGHUV LQ WKH GHVLJQ RI DQ DLUFUDIW RU VLPLODU
FRPSOH[ V\VWHP >@  7KLV RI FRXUVH LQFOXGHV ERWK WKH
PDQXIDFWXUHUDQGWKHRSHUDWRUDQGWKHIRUPXVHGKHUHEULQJV
PDQXIDFWXULQJ FRVW DQG RSHUDWLQJ FRVWV LQWR WKH RQH RYHUDOO
HYDOXDWLRQ FULWHULRQ SURYLGLQJ DQ RSSRUWXQLW\ WR OLQN
RWKHUZLVHVHSDUDWHSDUWVRIWKHOLIHF\FOH
6XUSOXV YDOXH LV D WHUP RULJLQDOO\ SRSXODULVHG E\ 0DU[
ZKR XVHG WKH FRQFHSW LQ KLV SROLWLFDO HFRQRPLF WKHRU\ WR
VKRZ WKDW WKH H[FHVV YDOXH RI ZRUNHUV HIIRUW ZDV WKH
RSSRUWXQLW\ IRU SURILW (FRQRPLF WKHRU\ KDV GLVFXVVHG DQG
GHYHORSHGWKHFRQFHSWVLJQLILFDQWO\>@,WKDVDOVRUHILQHGLWV
GHILQLWLRQ WR EHFRPH D XVHIXO FRQFHSW LQ XQGHUVWDQGLQJ WKH
HFRQRPLFRXWSXWRIDQ\HQWHUSULVH
7KHDFFHSWHGGHILQLWLRQRIVXUSOXVYDOXH96DVDVWDUWLQJ
SRLQWIRUWKLVZRUNLV

௦ܸ ൌ ோܲ െ ܥ௠௔௡ 
7KDWLVWKHUHVHUYDWLRQSULFH35PLQXVDOOWKHFRVWVLQFXUUHG
&PDQ 5HVHUYDWLRQSULFH LVGHILQHGDV WKHSULFHSDLGE\ WKH
FXVWRPHU IRU WKHSURGXFW WKDWPDNHV WKHQHWSUHVHQW YDOXHRI
WKH WUDQVDFWLRQ WR EH ]HUR  ,Q RWKHU ZRUGV WKH UHVHUYDWLRQ
SULFHLVWKHPD[LPXPSRVVLEOHSULFHWKDWDFXVWRPHUZLOOSD\
EHIRUH WKH FRVW RI RZQHUVKLS DQG RSHUDWLRQ ZLOO UHVXOW LQ
ORVVHV %\ H[SDQGLQJRQ HDFKRI WKHVH WHUPVPRUH VSHFLILF
YDULDQWV RI WKH HTXDWLRQ FDQ EH XVHG ZKLFK KDYH GLUHFW
UHOHYDQFH WR D JLYHQ SURGXFW RU V\VWHP  7KHUH DUH VHYHUDO
YDULDQWV RI WKLV HTXDWLRQ ZKLFK KDYH EHHQ SUHVHQWHG LQ
DYLDWLRQ OLWHUDWXUH  )RU H[DPSOH &XUUDQ HW DO >@ XVH D
YDULDQWUHH[SUHVVHGWRIRFXVRQSURILW

௦ܸ ൌ ෍ሺܴ െ ܥௗ௢௖ሻሺͳ ൅ ݎሻ௜ െ ܥ௠௔௡
,Q WKLV FDVH 5 LV WKH UHYHQXH IURP RSHUDWLRQV &GRF LV WKH
VWDQGDUG GLUHFW RSHUDWLQJ FRVW U LV WKH GLVFRXQW IDFWRU L WKH
OLIHRIWKHSURJUDPPHDQG&PDQWKHPDQXIDFWXULQJFRVWV%XW
WKLV UHPDLQV YHU\ KLJK OHYHO DQG IRU LW WR EH RI XVH WR WKH
HQJLQHHULQJIXQFWLRQVLWLVQHFHVVDU\WRUHIRUPXODWHLWVRWKDW
LW H[SUHVVHV WKH NH\ HOHPHQWV ZKLFK DUH PHDQLQJIXO WR WKH
DLUFUDIW GHVLJQHU  )RU WKLV ZRUN WKH YDULDQW RI WKH VXUSOXV
YDOXHHTXDWLRQGHYHORSHGE\&ROORS\>@LVXVHG,QWKLVYHU\
XVHIXO YHUVLRQ DOO RI WKH SRWHQWLDO UHYHQXHV DQG FRVWV DUH
H[SUHVVHGVHSDUDWHO\

,QWKLVFDVHLWLVGHILQHGDV
௦ܸ ൌ ݎ௣ ௔ܰȀ௖൛ݎ௖ܨ௬ሺܴ௉Ƭ஼ െ ܥை௉ െ ܥ஽Ƭ஼ െ ܥாሻ െ ܥெൟ െ ܥ஽
:KHUH
US DQG UF  ± 7KHVH WHUPV UHIHU WRPXOWLSOLHUV RQ D VLQJOH
\HDU¶V UHYHQXH DQG FRVWV EDVHG RQ WKH GLVFRXQW UDWH DQG
SURJUDP OLIH IRU WKH PDQXIDFWXUHUV DQG FXVWRPHU
RSHUDWRUUHVSHFWLYHO\
1DF±7KHQXPEHURIDLUFUDIWSURGXFHGLQFOXGLQJWHVWDQG
SURGXFWLRQVWDQGDUGDLUFUDIW
)\)OLJKWVSHU\HDU
53	&5HYHQXHJHQHUDWHGIURPSDVVHQJHUVDQGFDUJR
&23  2SHUDWLQJ &RVWV LQFOXGHV ERWK WKH GLUHFW DQG
LQGLUHFWRSHUDWLQJFRVWV
&'	&'HOD\DQG&DQFHOODWLRQ&RVWV
&(  ([WHUQDOLW\ 7D[ HQYLURQPHQWDO WD[HV IRU QRLVH
HPLVVLRQVDQGRWKHUVRFLHWDOJRRG
&00DQXIDFWXULQJ&RVWV
&''HYHORSPHQWDO&RVWV

7KH NH\ FKDUDFWHULVWLF RI WKLV DSSURDFK LV DPDWKHPDWLFDO
IRUPXODWLRQ RYHU WKH SURGXFW ZKROH OLIH ZKLFK DFFRXQWV IRU
WKH WRWDO VL]H RI WKH SURGXFW SURJUDPPH DQG LQFOXGLQJ
UHYHQXHVPDLQWHQDQFHDQGRXWDJHV3ULFHHWDO>@H[DPLQHG
WKH VHQVLWLYLWLHVRI VXUSOXVYDOXH WRNH\FRVWDQGHQJLQHHULQJ
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SDUDPHWHUV FDOFXODWLQJ IRU H[DPSOH PDLQWHQDQFH WR
PDQXIDFWXULQJ VHQVLWLYLWLHV IXHO WR PDLQWHQDQFH VHQVLWLYLWLHV
HWF 7KHVH YDOXHV SURYLGH PDWKHPDWLFDO PHFKDQLVPV ZKLFK
GLUHFWO\ OLQN FULWLFDO HOHPHQWV RI WKH V\VWHP ZKLFK KDYH
GLYHUVHSK\VLFVXQLWVRIPHDVXUHPHQWDQGWLPHGRPDLQV

   
  




7KHVH ZHUH WHUPHG 9DOXH ,QIOXHQFH &RHIILFLHQWV DQG
WKURXJK WKHLU VWXG\ 3ULFH HW DO >@ GHPRQVWUDWHG WKH UHODWLYH
FKDQJHVLQYDOXHZLWKZHLJKWDQGPDLQWHQDQFHFRVWVRYHUWKH
OLIH RI D IOHHW  )RU WKH H[DPLQHG FDVH VWXG\ WKH 9DOXH
,QIOXHQFHRI0DLQWHQDQFHZDVVXFKWKDWPDLQWHQDQFHVDYLQJV
FRXOGSRWHQWLDOO\RIIVHWLQFUHDVHVLQYHKLFOHZHLJKW
)LJ  VKRZV D W\SLFDO VXUSOXV YDOXH YHUVXV SURJUDPPH
OLIHWLPH FKDUW  5HGXFLQJ YHKLFOH ZHLJKW RU LQFUHDVLQJ
PDLQWHQDQFHLQWHUYDOVZLOOWHQGWRLQFUHDVHSURJUDPPHYDOXH
+RZHYHU DVVXPLQJ ERWK YHKLFOH ZHLJKW DQG PDLQWHQDQFH
LQWHUYDOVZLOOEHQHJDWLYHO\OLQNHGWRPDWHULDODOORZDEOHVLH
LQFUHDVLQJPDWHULDODOORZDEOHVE\UHGXFLQJFRQVHUYDWLVPZLOO
GHFUHDVH YHKLFOH ZHLJKW EXW LQFUHDVH WKH UHTXLUHPHQWV IRU
VFKHGXOHG PDLQWHQDQFH WKHUH ZLOO QHFHVVDULO\ EH D QHHG WR
SHUIRUP D V\VWHPV OHYHO WUDGHRII WR PD[LPLVH WKH SRWHQWLDO
YDOXHRIDSURJUDPPH













)LJ6XUSOXV9DOXHRYHUWLPH±VKRZLQJ
KRZIDFWRUVFDQLQIOXHQFHYDOXH

6XUSOXV 9DOXH WKHUHIRUH RIIHUV DPHFKDQLVP ZKHUHE\ WKH
FKRLFH RI PDWHULDO DOORZDEOH DQG FRXSOHG PDLQWHQDQFH
LQWHUYDOVFDQEHDVVHVVHGDJDLQVWWKHZKROHOLIHRIWKHSURGXFW

3URJUHVV
7KH SUHYLRXV WZR VHFWLRQV EULHIO\ RXWOLQHG WKH PDLQ
HOHPHQWVRIREWDLQLQJDOORZDEOHVWUDLQVIRUDPDWHULDODQGWKH
SRWHQWLDO RI WKH YDOXH GULYHQ GHVLJQ DSSURDFK WR KHOS
XQGHUVWDQG WKH SRWHQWLDO EHQHILW RI UHGXFLQJ VRPH RI WKH
FRQVHUYDWLVPDQGXQFHUWDLQW\LQPDWHULDOIDLOXUHEHKDYLRXU
,W LV FOHDU WKDW WKH FRPSOHWH LQWHJUDWLRQ RI VXFK FRPSOH[
PRGHOVLVDPDMRUFKDOOHQJHDQGZLWKKLJKULVNLQWKDWWKHUHLV
QRFHUWDLQW\WKDWPHDQLQJIXOJXLGHOLQHVZLOOHPHUJHIURPVXFK
DQLQWHJUDWHGDSSURDFK
7KH IHDVLELOLW\ VWXG\ WKHUHIRUH LQWHQGHG WR LQYHVWLJDWH WKH
PHWKRGVLQPRUHGHWDLODQGWRVHWWKHVFRSHRIDODUJHUSURMHFW
WR DWWHPSW WR GHYHORS D GHHSHU DQG PRUH JHQHUDO
XQGHUVWDQGLQJ RI WKH PHFKDQLVPV DQG UHODWLRQVKLSV
7KHUHIRUH WKH LQWHQWLRQ ZDV WR LGHQWLI\ WKH UXOHV DQG
SURFHGXUHVXVHGDQGWRVHHLIDOLQNDJHZDVSRVVLEOHWRDOORZ
WKH GHYHORSPHQW RI QHZ GLUHFW UHODWLRQVKLSV DQG LPSURYHG
XQGHUVWDQGLQJ
7DVNV	SURFHGXUHV
7R SURYLGH D IRXQGDWLRQ IRU VFRSLQJ RXW D UHVHDUFK
SURSRVDO WKH ZRUN IRFXVHG RQ IRUPXODWLQJ D PRGHO ZKLFK
ZRXOGDOORZYDULDWLRQLQJHRPHWU\DQGPDWHULDOSURSHUWLHVLQ
SUHGLFWLQJGDPDJH LQ FDUERQ ILEUH UHLQIRUFHGPDWHULDOV XVLQJ
VWDQGDUG PRGHOV DYDLODEOH LQ FRPPHUFLDO ILQLWH HOHPHQW
SDFNDJHV

,QLWLDO0RGHOOLQJ
$ PRGHO ZDV FRQVWUXFWHG LQ $%$486 DQG YDOLGDWHG
DJDLQVWDVHULHVRIH[SHULPHQWDO WHVWVXQGHUWDNHQLQDSDUDOOHO
SURMHFW7KHPRGHOUHIOHFWHGWKHPDWHULDOXVHGDQGKDGDKLJK
ILGHOLW\ UHSUHVHQWDWLRQ RI WKH DFWXDO WHVW FRQGLWLRQV  )DLWKIXO
UHSUHVHQWDWLRQ LV NH\ LQ VXFK PRGHOV ZKHUH VHQVLWLYLW\ WR
YDULRXVFRQGLWLRQVFDQFKDQJHUHVXOWVVLJQLILFDQWO\

9DOLGDWLRQ
9DOLGDWLRQZDV FDUULHG RXW LQ WHUPV RI ORDG DQG REVHUYHG
IDLOXUHEDVHVDQGDOVRDJDLQVWVFDQVRIWKHGDPDJHGVSHFLPHQV
EHIRUHDQGDIWHULPSDFW%RWKDUHDDQGGHSWKRIGDPDJHZHUH
UHFRUGHGDQGFRPSDUHG

$XWRPDWLRQIRU$VSHFW5DWLR6WXG\
+DYLQJ REWDLQHG D GHJUHH RI FRQILGHQFH WKURXJK WKH
YDOLGDWLRQRIWKHPRGHOWKHQH[WNH\HOHPHQWZDVWRDXWRPDWH
WKHSURFHVVZUDSSLQJDURXQGDFRQWUROOLQJDSSOLFDWLRQZKLFK
ZRXOG DOORZ PXOWLSOH IXWXUH VWXGLHV  $ S\WKRQ VFULSW ZDV
ZULWWHQWRUHSURGXFHPRGHOFRQGLWLRQVDQGWRDOORZYDULDWLRQV
LQ WKHPDWHULDO OD\XS DQG LQ EDVLF VSHFLPHQ JHRPHWU\ 7KH
PDLQDLPKHUHZDV WR LQYHVWLJDWHKRZFRPSOH[ WKHPRGHORI
WKHSODWHZDVDQG WRGHWHUPLQH LI LWFRXOGEHDXWRPDWHGRYHU
WKH UDQJH RI SURSHUWLHV ZKLFK ZRXOG UHTXLUH H[DPLQDWLRQ
GXULQJDIXOOUHVHDUFKSURJUDPPH,QSDUWLFXODUWKLVFRYHUHG
WKH LQFOXVLRQ RI WLPH EDVHG GHJUDGDWLRQ PRGHOV UHVLGXDO
VWUHVVHV HODVWLF ERXQGDU\ FRQGLWLRQV DQG ODUJH QXPEHUV RI
QRQVWDQGDUGOD\XSVIURPTXDVLLVRWURSLFWRIXOO\RUWKRWURSLF
)LJ  EHORZ VKRZV WKH UHVXOWLQJ GDPDJH SORWV IRU SODWHV RI
DVSHFWUDWLR	


2EWDLQLQJWKH$OORZDEOH6WUDLQ
$WWKLVSRLQWDVLPSOHHVWLPDWHEDVHGRQWKHIODZVL]HZDV
XVHG WR REWDLQ WKH UHGXFWLRQ LQ UHVLGXDO VWUHQJWK ZLWK WKH
UHODWLYHIODZVL]HREWDLQHGIURPWKHVLPXODWLRQ2IFRXUVHLQ
SUDFWLFHWKLVLVPXFKWRRVLPSOLVWLFEXWLWLVVXIILFLHQWWRDOORZ
WKHIUDPHZRUNWRRSHUDWH

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









)LJDVSHFWUDWLRVRIDQGXQGHUWKHLPSDFW
ORDGLQJ

$VVHVVPHQWRI(IIHFWVLQ6XUSOXV9DOXH
7KHLQLWLDOLQYHVWLJDWLRQLQWRWKHLQFOXVLRQRIIODZVL]HVDQG
ZRUNLQJ VWUHVVHV LGHQWLILHG WKLV WR EH D FRPSOH[ SUREOHP
$OWKRXJK LW ZDV SRVVLEOH WR XVH VRPH VLPSOH UXOHV IURP
GDPDJH WROHUDQFHJXLGHOLQHVZKLFKFDQJLYHDQ LQGLFDWLRQRI
PDLQWHQDQFH LQWHUYDOV LQ QXPEHU RI F\FOHV EDVHG RQ WKH
GHWHFWDEOHIODZVL]H$SURUDWDLQFUHDVHLQWKHLQWHUYDOVZDV
XVHG LQ WKH VXUSOXVYDOXHPDLQWHQDQFHPRGHO WRHVWLPDWH WKH
UHODWLYHFKDQJHFDXVHG  ,QDGGLWLRQ WKH LQFUHDVH LQ WKLFNQHVV
ZDV PXOWLSOLHG LQ SURSRUWLRQ WR SURYLGH DQ HVWLPDWH RI WKH
FKDQJH LQ VWUXFWXUDO ZHLJKW  7KXV DQ HVWLPDWH RI VXUSOXV
YDOXHQRZDFFRXQWV IRU WKHFKDQJH LQZHLJKWDQG WKHFKDQJH
LQPDLQWHQDQFHLQWHUYDOV

/HVVRQV/HDUQHG
$QXPEHURINH\FKDOOHQJHVHPHUJHGIURPWKHVWXG\ZKLFK
VKRXOGIRUPWKHEDVLVRIXVHIXOUHVHDUFKZRUN
 7KH HVWLPDWLRQ RI DOORZDEOH VWUDLQV IRU FRPSRVLWH
PDWHULDOVLVDFRPSOH[SURFHVVZKLFKKDVDQXPEHURI
OLPLWDWLRQV WKH PDMRU RQH RI ZKLFK LV WKH HPSLULFDO
QDWXUH DQG ODFN RI ULJRURXV SURFHGXUHV WR DOORZ
XQGHUVWDQGLQJ RI UHDO SK\VLFDO UHODWLRQVKLSV DQG
GULYHUV
 7KHUH LV D VWURQJ OLQNDJH EHWZHHQ WKH DFFHSWDEOH
VWUHVVHVLQWKHPDWHULDODQGWKHZKROHOLIHYDOXHRIWKH
V\VWHP +RZHYHU WKHH[DFWQDWXUHRI WKHUHODWLRQVKLS
LVEXULHGLQDFRPSOH[VHWRIUXOHVDQGXQFHUWDLQW\
 7KH SUREOHP LV FRPSRXQGHG E\ WKH QHHG IRU D YHU\
ODUJH QXPEHU RI WHVWV  (YHQ VLPXODWLRQ EDVHG
DSSURDFKHVZLOOQHHGD ODUJHQXPEHURIFRPELQDWLRQV
WREHRIXVH$XWRPDWLRQDQGWKHXVHRIVWDWLVWLFDODQG
PHWD PRGHOV ZLOO EH HVVHQWLDO WR KHOS H[SORUH WKH
SUREOHP
 7KH XQGHUVWDQGLQJ RI WKLV SUREOHP LV DW WKH FRUH RI
PDQ\GHFLVLRQVDQGKDVDPDMRUHIIHFWRQWKHVL]HDQG
FRVWRIFRPSRVLWHVWUXFWXUHV
 7KHUHLVERWKDIXQGDPHQWDOSUREOHPWREHVROYHGDQG
WKHSRWHQWLDOIRUUHDODSSOLFDWLRQEHQHILWVLIVXFFHVVIXO
DQG SK\VLFV EDVHG OLQNDJHV FDQ EH IRUPHG WKHQ VWHS
FKDQJH LQ XQGHUVWDQGLQJ ZLOO EH FUHDWHG DQG VWHS
FKDQJHLQDSSOLFDWLRQSHUIRUPDQFHHQDEOHG

%HORZ WKHSURSRVHGQH[WPDLQ VWHSV IRUD IXOOSURMHFWDUH
RXWOLQHG

6FRSH 'HILQH WKURXJK D VHULHV RI LQGXVWULDO SDUWQHU
ZRUNVKRSVDIRFXVHGIDPLO\RIVWUXFWXUDOHOHPHQWVDQGGHWDLO
GHVLJQIHDWXUHVIURPLQFXPEHQWDLUFUDIWFRPSRVLWHVWUXFWXUHV
ZKLFK UHSUHVHQW WKHFULWLFDOGHVLJQFKDOOHQJHV IRU WKH2(0V
DQG LQVSHFWLRQDQGPDLQWHQDQFHFKDOOHQJHV IRU WKHRSHUDWRUV
$NH\GHOLYHUDEOHZLOOEHPDSSLQJRIWKHFULWLFDOSHUIRUPDQFH
RIWKHVHHOHPHQWVDQGGHWDLOGHVLJQIHDWXUHVIURPWKHLUORZHVW
OHYHO GHVLJQ DQG PDWHULDO SDUDPHWHUV WR WKHLU UHODWLRQ WR
YHKLFOHZKROHOLIHSHUIRUPDQFH

&RXSRQ OHYHO )RU D IRFXVHG IDPLO\RIPDWHULDOV FRXSOHG
H[SHULPHQWDODQGPRGHOOLQJUHVHDUFKZLOODLPWRFKDUDFWHULVH
WKHGHSHQGHQFHRIGDPDJHSURSDJDWLRQRQPD[LPXPZRUNLQJ
VWUDLQ  +HUH DGYDQFHG GDPDJH PHFKDQLFV PRGHOOLQJ DQG
YDOLGDWLQJ H[SHULPHQWDO GDWD ZLOO EH UHTXLUHG H[WHQGLQJ WKH
FXUUHQW VWDWHRIWKHDUW RQ FRPSRVLWH GDPDJH SURSDJDWLRQ$
NH\ GHOLYHUDEOH ZLOO EH YDOLGDWHG )( GDPDJH PHFKDQLFV
PRGHOV DSSURSULDWH IRU WKH PDWHULDOV DQG GDPDJH W\SHV
LGHQWLILHG E\ WKH LQGXVWULDO SDUWQHUV  3DUDPHWHULVHG YHUVLRQV
RI WKHVH PRGHOV ZLOO EH XVHG WR JHQHUDWH PDWHULDO OHYHO
UHODWLRQVKLSV EHWZHHQ PDWHULDO VWUXFWXUH GDPDJH IRUP
PD[LPXPZRUNLQJVWUDLQDQGGDPDJHJURZWKUDWH

6WUXFWXUDO OHYHO9LD D VHULHV RI V\VWHPDWLF H[SHULPHQWDO
DQG FRPSXWDWLRQDO VWXGLHV XVLQJ WKH YDOLGDWHG )( GDPDJH
PHFKDQLFVPRGHOV WKH LQIOXHQFHRI VWUXFWXUDO IHDWXUHVRQ WKH
LPSDFW RI GDPDJH SURSDJDWLRQ DQG ZRUNLQJ VWUDLQ ZLOO EH
IXUWKHU H[SDQGHG+HUHQHZGHVLJQ UXOHV DQGJXLGHOLQHVZLOO
EH IRUPXODWHG IRU VWUXFWXUHVZLWK JUHDWHUPD[LPXPZRUNLQJ
VWUDLQV  $ NH\ GHOLYHUDEOH ZLOO EH WKH NQRZOHGJH GDWD DQG
GHVLJQ PRGHOV RU SK\VLFV EDVHG PDWKHPDWLFDO IXQFWLRQV WR
HQDEOH LQLWLDO VL]LQJ RI VWUXFWXUDO GHWDLOV ZLWKLQ KLJKVWUDLQ
FRPSRVLWHFRPSRQHQWV 7KLVRXWSXWZLOODGYDQFHWKHFXUUHQW
XQGHUVWDQGLQJRIFRPSRVLWHGDPDJHSURSDJDWLRQDQGGDPDJH
WROHUDQFHFRPSRVLWHVWUXFWXUHV

&RPSRQHQW/HYHO,QWHJUDWHWKHQHZGHVLJQUXOHVDQGGDWD
LQWR WRGD\¶V LQGXVWULDO GHVLJQ WRROV IRU ODUJH DHURVSDFH
XQLWLVHG FRPSRQHQWV DQG XVH WKHVH WR GHVLJQ D VHULHV RI
YLUWXDO DQG SK\VLFDO GHPRQVWUDWRU FRPSRQHQWV ZLWK YDU\LQJ
FRPELQDWLRQV RI ZHLJKW DQG LQVSHFWLRQ LQWHUYDO WDUJHWV
UHIHUHQFHG WR WRGD\¶V DLUFUDIW HQWHULQJ VHUYLFH 'HVLJQ RI
([SHULPHQWV '2( DQG UHJUHVVLRQ DQDO\VLV RI WKH YLUWXDO
GHPRQVWUDWRUV ZLOO HQDEOH WKH IRUPXODWLRQ RI KLJKHU OHYHO
GHVLJQ UXOHV DQG IRUPXODV  ([SHULPHQWDO YHULILFDWLRQ RI WKH
VWUXFWXUDO DQG LQVSHFWLRQ SHUIRUPDQFH RI WKH SK\VLFDO
GHPRQVWUDWRUVZLOODOORZGHVLJQUXOHDQGIRUPXODFDOLEUDWLRQ
0RUHRYHUWKHGHPRQVWUDWRUFRPSRQHQWVSURGXFHGLQWKLVZRUN
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SDFNDJH ZLOO DOVR EH XVHG IRU LPSDFW DFWLYLWLHV UDLVLQJ
DZDUHQHVV RI WKH WHFKQRORJ\ IRU LQGXVWULDO GHFLVLRQ PDNHUV
DQG VSHHGLQJ WKH IXWXUH DGRSWLRQ RI WKH WHFKQRORJ\ LQ
LQGXVWU\

9HKLFOH /HYHO *XLGLQJ WKH DERYH GHPRQVWUDWRU DFWLYLW\
ZLOOEHWKHRYHUDUFKLQJUHTXLUHPHQWWRKDUQHVVWKHGHYHORSHG
VFLHQFH DQG HQJLQHHULQJ NQRZOHGJH LQ RUGHU WR PRGHO DQG
XQGHUVWDQGWKHHYROXWLRQRIFRPSRQHQWZKROHOLIHYDOXH7KH
VWUXFWXUDO ZHLJKW RI WKH GHPRQVWUDWRU FRPSRQHQWV ZLOO EH
GHULYHG IURP WKH UHVXOWLQJ VL]LQJ DQG WKLV XVHG WRPRGHO WKH
LPSDFW RQ DLUFUDIW SD\ORDG DQG IXHO EXUQ  ,QGXVWULDOO\
FDOLEUDWHG DFWLYLW\ EDVHG FRVW PRGHOOLQJ DQG GLJLWDO
PDQXIDFWXULQJ PHWKRGV ZLOO EH XVHG WR HVWLPDWH
PDQXIDFWXULQJ FRVWV DQG GLJLWDO PDQXIDFWXULQJ DQG GLVFUHWH
HYHQWVLPXODWLRQZLOOEHXVHGWRHVWLPDWHLQVHUYLFHLQVSHFWLRQ
DQGPDLQWHQDQFH FRVWV 8OWLPDWHO\ WKH LPSDFW RIPD[LPXP
ZRUNLQJVWUDLQRQWKHEDODQFHRI2(0DQGRSHUDWRUYDOXHZLOO
EHYLVLEOHDQGLQWHUURJDEOH

&RQFOXVLRQV
7KHVWXG\ ORRNHG LQVRPHGHWDLODWDFKDOOHQJLQJSUREOHP
LQ FRPSRVLWH VWUXFWXUHV QDPHO\ WKH HVWLPDWLRQ RI DOORZDEOH
GHVLJQVWUDLQVDQGWKHLPSDFWRIWKLVRQWKHZKROHOLIHYDOXHRI
WKHYHKLFOH7KHSUREOHPZDVRXWOLQHGDQGWKHVFRSHRIDIXOO
VWXG\GHYHORSHG7KHLQLWLDOUHVXOWVGLGLGHQWLI\WKDWOLQNDJHV
ZHUH SRVVLEOH DQG WKDW XQGHUVWDQGLQJ RI WKH VWUXFWXUDO
SHUIRUPDQFH DQG FRUUHVSRQGLQJ YDOXH ZDV SRVVLEOH
$GYDQFHG PRGHOLQJ PHWKRGV DXWRPDWLRQ DQG VWDWLVWLFDO
PRGHOV VXSSOHPHQW ZLWK D VWURQJ WHVW SURJUDPPH IRU
YDOLGDWLRQZLOOEHQHHGHGWRGHYHORSWKHQHZNQRZOHGJH
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH (365& &HQWUH IRU
LQQRYDWLYH 0DQXIDFWXULQJ LQ 7KURXJK /LIH (QJLQHHULQJ
6HUYLFHVIRUWKHLUJHQHURXVVXSSRUWRIWKLVVWXG\

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